[Abstract] Aluminium (Al), a non-essential metal widespread in the environment that is known to be toxic to humans as well as to plants, can cause damage not only to the roots but also to the aerial parts of plants. Its toxicity has been recognized as one of the major factors that limit crop production on acid soil. Alternative oxidase, the respiratory terminal oxidase in plants, which contributes to maintain the electron flux and reduce mitochondrial ROS levels, is often dramatically induced to make plants to adapt better to stress conditions like Al stress. In this protocol, the expression of alternative oxidase induced by Al treatment was detected in Arabidopsis protoplasts using an adaptation of previous methods (Yamamoto et al., 2002; Li et al., 2011; Liu et al., 2014) , which contribute to research on the mechanism of alternative oxidase in Al treatment.
(NH4)2S2O8 (Sigma-
2. The leaves were covered with enzyme solution in a petri dish and placed in a vacuum chamber connected to a vacuum pump, and approx. 100 to 400 mmHg of vacuum was applied for 30 min. The leaves were then incubated in the dark for 3 h without shaking at room temperature.
3. The digested sample was filtrated through a 75 µm nylon mesh, the crude protoplast filtrates were sedimented by centrifugation for 3 min at 100 x g at room temperature.
4. The purified protoplasts were suspended in W5 solution.
B. Al treatment for Arabidopsis protoplasts 1. 10 μl AlCl3 solution in Ca medium was added to 90 µl of protoplast solution in 96-well plates.
2. The protoplasts were incubated for 1 h at room temperature in darkness.
3. The protoplasts were incubated with 50 µM FDA for 5 min and Al-induced protoplast death was observed by confocal microscopy ( Figure 1 ). 5. Relative expression levels were calculated using the 2 (-∆∆Ct) analysis method. 4. Proteins extracts were separated by 12% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE).
5. The gel was transferred to PVDF membranes and then electrophoresis for 45 min.
6. The membrane was blocked with TBST containing 5% non-fat milk for 1 h. secondary antibody] at room temperature for 2 h.
9. When the membrane was dried, detected by using Odyssey two-color infrared imaging system. 
